;“ Genetic Resources and Crop Evolutid: 325-330, 1999. 325
i~ © 1999Kluwer Academic Publishers. Printed in the Netherlands.

Short communication

Collection of Trifolium sp. and other forage legumes in Bulgaria

G.A. Pedersoh*, K.H. Quesenberd; G.R. Smitt & Y.K. Guteva’

1USDA-ARS, Crop Science Res. Lab., Forage Res. Unit, P.O. Box 5367, Mississippi State, MS 39762, USA;
2Department of Agronomy, 304 Newell Hall, P.O. Box 110500, University of Florida, Gainesville, FL 32611-0500,
USA; 3Texas A&M Univ. Res. & Ext. Ctr., P.O. Box E, Overton, TX 75684-0290, Umatitute of Introduction

and Plant Genetic Resources, 4122 Sadovo, Plovdiv, BulgdAatlior for correspondencé)

Received 1 July 1998; Accepted in revised form 26 November 1998

Key words:Bulgaria, clovers, collecting expedition, forage leguni@golium sp., Trifolium vesiculosunsavi

Abstract

Joint collecting expeditions to improve the genetic diversityTafolium species in the U.S. National Plant
Germplasm System (NPGS) were carried out in Bulgaria by scientists of the USDA-ARS, University of Florida,
Texas A&M University, and Institute of Introduction and Plant Genetic Resources (IIPGR), Bulgaria, on 14—-27 July
1990 and 30 July — 13 August 1993. The objectives were to collect seEdvesiculosunsavi and other annual
clovers in southeastern Bulgaria in 1990 and seed of peremifialium species in southwestern Bulgaria in 1993.

A total of 246 collections were made of Foifolium species (38 annual and 12 perennial) and 25 collections of 17
other forage legumes. Collections were made at 90 sites in 13 of the 20 floristic regions in Bulgaria. The genetic
diversity of T. vesiculosunm the NPGS was increased by the addition of 16 accessions.TRéolium sp. were
added to the NPGS. Land utilization for intensive grazing near villages and small plot farming in river valleys
greatly increased between 1990 and 1993. Genetic erosion of the extéri&iiam resources within Bulgaria

may occur as these practices increase.

Abbreviations GPS — Global Positioning System; GRIN — Germplasm Resources Information Network; IIPGR —
Institute of Introduction and Plant Genetic Resources; NPGS — U.S. National Plant Germplasm System.

Introduction National Plant Germplasm System (NPGS) had seeds
of only 85Trifolium species, 70 annual and 15 peren-
The genudrifolium is quite extensive, containing be- nial, available for distribution. Since that time, sci-
tween 233 and 245 species (Mundell & Taylor, 1996). entists in the Clover and Special Purpose Legume
The most complete treatment of the genus (Zohary Crop Germplasm Committee have conducted a num-
& Heller, 1984) lists 237 species, though a number ber of collection expeditions in eastern Europe and
of species native to the western United States (Mar- Mediterranean areas (Smith et al., 1978; Taylor &
tin, 1943) are not included. Germplasm collection Rumbaugh, 1986; Taylor & Smith, 1990) through the
efforts worldwide have concentrated on 10-20 agro- support of the Plant Exploration Office (more recently
nomically important species with little effort made to the Plant Exchange Office), Agricultural Research
preserve the vast array of species within the genus. Service, United States Department of Agriculture.

In 1977, Taylor et al. reported that the United States  Bulgaria contains at least 28% of the knovm-
- folium species. Previous reports (Kozuharov, 1976;
'* .Co.ntrib'ution of the USDA-ARS in cooperation with the Mis-  Petrova & Kozuharov, 1982a,b; Zohary & Heller,
e e esmns, 1984) indicate that 67 (51 annual and 16 perennia
right to retain a non-exclusive, royalty free licence in and to any Of the 237Trifolium species have been observed in

copyright is acknowledged. Bulgaria. To improve the genetic diversity &rfifolium
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species in the NPGS, joint collecting expeditions were tensive collections of any particular species (other than
organized to collecT. vesiculosunand other annual  T. vesiculosuin

species from low elevations in southeastern Bulgaria  All seed collections made from both expeditions
in 1990 and perennidlrifolium species from moun-  have been deposited in the NPGS. Additional infor-
tainous areas of southwestern Bulgaria in 1993. Addi- mation on individual accessions and collection sites
tionally, Dr. Guteva of the Institute of Introductionand may be obtained from the NPGS Germplasm Re-
Plant Genetic Resources (IIPGR), Sadovo, Bulgaria sources Information Network (GRIN). Germplasm de-
earlier collected two accessions that are included with posited in the NPGS is available in small quantities
the 1990 totals, and 12 accessions during 1991-1992for researchers worldwide. Collections made during
that are included with the 1993 totals. these expeditions were shared with IIPGR scientists

as desired for the IIPGR collection.

Collection procedure
Collection sites

The expeditions were conducted from 14-27 July
1990 and 30 July to 13 August 1993. The dates of col- Collections were made in 13 of the 20 floristic re-
lection were based on previous experience by IIPGR gions of Bulgaria as described by Kozuharov (1976)
scientists which suggested annuailfolium species during the two expeditions (Figure 1). These sites en-
would mature in July and perennial species in August. compassed the southern half of Bulgaria ranging from
In 1990, the plants matured earlier than expected andthe Black Sea coast in the east to the Western Frontier
all annualTrifolium species collected were completely mountain region in the west. The majority of the col-
mature and dry. The plants had been well preserved by lections were made in the Tundza hills, Tracian plain,
the dry climate, and collection and identification was and Strandza, Rhodope, Rila, and Pirin mountains.
possible at most sites. In 1993, the collection dates
were too early in some cases as plants of perennial 1990 Expedition: Participants traveled over 2000 km
species such 8 mediuni. andT. pannonicundacq. throughout southeastern Bulgaria in 1990. Elevation
were not fully mature. However, hay harvesting was of collection ranged from 30 nMedicago orbicularus
being conducted at a number of high elevation mead- (L.) Bartl.] near the Black Sea coast to 1150 i (
ows throughout southwestern Bulgaria during August alpestreL., T. ochroleucunHuds., and_otus cornic-
1993. Delay of the expedition by a week or two would ulatusL.) west of Batak in the Rhodope mountains.
have resulted in fewer sites at which to collect. Most of the collection sites were at low elevations

During the 1993 expedition, latitude and longitude with 39% of the collections made at elevations less
were measured using a Global Positioning System than 300 m and 65% made at elevations less than 500
(GPS) provided by the Plant Exploration Office. In m. Soil texture was estimated by visual observation
1990, a GPS was not available and latitude and longi- in 1990. Of 30 sites surveyed, the soils were pre-
tude were estimated to the nearest degree and minutedominantly rocky (37%), clay loam (27%), or clay
by road map location. Altitude was measured using (20%).
an altimeter during both expeditions since the altitude
readings given by the GPS in 1993 were occasionally 1993 Expedition: Participants traveled over 4000 km
inaccurate. In 1993, soil samples were taken at most throughout southwestern Bulgaria in 1993. Elevation
sites. The pH was then determined by a portable pH of collection ranged from 140 nT(repend..) at Plov-
meter. An inexpensive soil texture kit was used to de- div to 1790 m {. pratenselL. and T. aureumPoll.)
termine the relative amounts of sand, silt, and clay in in the Pirin mountains near Bansko. Most of the col-
each sample. No soil samples were taken in 1990. lection sites were at higher elevations than the 1990

Seed collections were made at sites that were openexpedition with 45% of the collections made at eleva-
hillsides, native meadows, or gullies or forest openings tions greater than 1000 m and 75% made at elevations
often under oak or other deciduous trees. No collec- greater than 500 m. Soil pH and texture were deter-
tions were made at sites known to have been reseededmined from soil samples taken at 28 sites during the
or under active tillage management. Every effort was 1993 expedition. Soil pH ranged from 5.4 in the Pirin
made to collect a great diversity dfifolium species mountains near Bansko to 8.4 in the central Rhodope
from a wide range of habitats rather than making ex- mountains near Pamporovo with a median value of
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Figure 1. Collection sites in Bulgaria in 199@() and 1993 W).

6.8. Almost 43% of the soils had a pH value ranging mountains (Table 3). Species collected in these expe-
from 6 to 7 while 25% had a pH value of less than ditions that were not reported to be in the Strandza
6. Soil texture ranged from a clay-clay loam in the mountain floristic region (Kozuharov, 1976) wefe
Rhodope mountains near Pamporovo to a sand in thediffusumEhrh. andT. strictumL. The only accessions
Pirin mountains near Jane Sandanski. The soils wereof T. lappaceunt.., T. ligusticumBalb. ex Loisel., and
predominantly sandy loam (50%) or sandy clay loam T. suffocatuni.. were obtained in this region.

(25%).

Tundza hills: A total of 30 collections of 17Tri-
folium species were made at 10 sites in the Tundza
hills region (Table 3)T. affineC. Presl,T. heldreichi-
anum(Gib. & Belli) Hausskn., andr. trichopterum
Pancic were collected in this region, but not previously
reported there (Kozuharov, 1976). Als®, alpestre
was observed outside of its normal habit in Bulgaria
(600-2000 m; Kozuharov, 1976) at an altitude of 280
m. The only collection of. affinewas obtained in this
region.

Trifolium species collected

During the 1990 expedition, a total of 143 collections
were made of 33rifolium species and one species not
yet identified (Table 1). Nine collections were made of
six other forage legume species (Table 2). In 1993, a
total of 103 collections of 4rifolium species were
made (Table 1) and 16 collections were made of 13
other forage legumes (Table 2). Most collections were
made ofT. vesiculosur®avi (16),T. alpestrg(16), and
T. hirtumAll. (14). Tracian plain: A total of 20 collections of 13Tri-
foliumspecies were made at 6 sites in the Tracian plain
Strandza mountains: A total of 25 collections of 18  (Table 3). One of the collections still has not been
Trifolium species were made at 13 sites in the Strandza identified to species. The only species not previously
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Table 1. Summary ofTrifolium species collected in Bulgaria

Table 1. (Continued)

Growth Number of Growth Number of
habit collections habit collections

1990 1993 1990 1993
Trifolium affineC. Presl R - 1 Trifolium strictumL. A 2
Trifolium alpestreL. P 9 7 Trifolium subterraneunt. A 1 1
Trifolium angustifoliumL. A 3 2 Trifolium suffocaturti. A - 1
Trifolium arvensed.. A 1 2 Trifolium trichopterumPancic A 3 -
Trifolium aureumPoll. A - 6 Trifolium velenovskyWandas A 1 -
Trifolium badiumSchreb. P - 1 Trifolium vesiculosunSavi A 15 1
Trifolium bocconewar. tenuifolium Trifolium sp. (unknown) - 1 -
(Ten.) Griseb. A 3 1 Total 143 103
Trifolium campestré&Schreb. A 2 1
Trifolium caucasicunTausch P - 1 & A=annual, P=perennial.
Trifolium cherleriL. A 4 -
Trifolium constantinopolitanun®er. A 1 -
Trifolium diffusumehrh. A 6 4 reported in the Tracian plain (Kozuharov, 1976) was
Trifolium dubiumSibth. A - 2 echinatunM.B.
Trifolium echinatumvi.B. A 3 1
Trifolium fragiferumL. P 5 2 Rhodope mountains:The greatest diversity ofri-
Trifolium glomeraturri_. A 2 2 folium species was observed in the Rhodope mountain
Trifolium grandiflorumSchreb. A 1 2 floristic region. Therefore, more time was spent and
Trifolium haussknechtiBoiss. A - 1 collections made in the Rhodope mountains than in
Trifolium heldreichianum any other region. A total of 107 collections of 37-
(Gib. & Belli) Hausskn. P 7 1 folium species were made at 30 sites in the eastern,
Trifolium hirtum All A 11 8 central, and western Rhodope mountains (Table 3).
Trifolium hybridumL. P 8 4
Trifolium incarnatumvar. molinerii
(Balb. ex Hornem.) Ser. A - 2 Table 2. Summary of forage legumes other thaifolium
Trifolium lappaceunt.. A ) 1 sp. collected in Bulgaria
Tr?fol?um I.euca.nthurrM.B. - A 1 2 Number of
Trifolium ligusticumBalb. ex Loisel. A - 1 collections
Trifolium mediunL. P 1 7
Trifolium michelianunSavi A 3 - Astragalus monspessulanus 1
Trifolium montanuni.. P 1 3 Cytisussp. 1
Trifolium nigrescend/iv. A 3 2 Hippocrepis unisiliquosa.. 1
Trifolium ochroleucunHuds. P 8 3 Lotus corniculatud.. 3
Trifolium pallidumWaldst. & Kit. A 5 - Lupinussp. 2
Trifolium pannonicumlacq. P - 5 Medicago arabicgL.) Huds. 2
Trifolium patensSchreb. A 2 3 Medicago sativassp falcata(L.) Arcang. 1
Trifolium phleoidesPourr. ex Willd. A - 2 Medicago minimavar. brevispinaBenth. 2
Trifolium pratenseL. P 5 3 Medicago minimgL.) Bartal. 1
Trifolium purpureumLoisel. A 5 2 Medicago orbicularugL.) Bartal. 2
Trifolium repend.. P 6 4 Medicago rhodope#&/elen. 1
Trifolium resupinatunt. A 1 - Melilotus officinalisLam. 1
Trifolium retusuni. A 3 - Onobrychissp. 2
Trifolium scabrumdL. A 6 2 Onobrychis viciifoliaScop. 1
Trifolium setiferumBoiss. A - 2 Securigera variglL.) Lassen 2
Trifolium spadiceunvill. A - 6 Vicia cassubicd.. 1
Trifolium squamosurh. A 1 Vicia ervilia (L.) Willd. 1
Trifolium striatumL. A 1 3 Total 25
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Table 3. Summary of altitude, soil data, and annual and pererimidlium species collected by floristic regions of Bulgaria

Strandza mts. Tundza hills

Tracian plain

Rhodope mts. Rila mts. Pirin mts.

min max me& min max med min max med min max med min max med min max med
Altitude 50 455 250 110 400 265 140 400 270 150 1570 710 870 1560 975 645 1790 905
Soil pH 6.0 80 7.0 8.0 58 84 68 58 66 63 54 75 6.8
Soil texture clay loam clay loam sandy loam sandy loam sandy loam sandy loam
loam clay clay loam sandy clay loam loam sandy clay loam
clay clay clay loam sand
No. of Trifolium
spp. collected
Annual 12 11 12 27 6 13
Perennial 6 6 1 10 4 3

& min = minimum, max = maximum, med = median.

Species collected during these expeditions that were Other floristic regions: A total of 29 collections of

not previously reported in the Rhodope mountains
(Kozuharov, 1976) werd. aureum T. echinatumT.
michelianunBavi, T. nigrescen¥iv., andT. phleoides
Pourr. ex Willd. Three specie§, glomeratuni. and
two collections each of. bocconeivar. tenuifolium
(Ten.) Griseb. and. strictum were collected at higher
altitudes (140-340 m higher) than normally observed
(Kozuharov, 1976). Two specied., alpestreandT.
badium Schreb., were collected at a lower altitude
(150-195 m lower) than normally observed.

Rila mountains: A total of 17 collections of 10ri-

24 Trifolium species were made at 15 sites in the
Black Sea coast, Vitosha mountain, Western Frontier
mountains, Sredna Gora mountains, Struma valley,
Belasica mountain, and Mesta valley floristic regions.
Species that were collected outside their known area of
distribution (Kozuharov, 1976) werg bocconevar.
tenuifoliumandT. caucasicunTausch in the Belasica
mountain regionT. echinatunin the Struma valleyT.
glomeratum T. nigrescensandT. purpureumnlLoisel.

in the Western Frontier mountains, afdsetiferum
Boiss. in the Sredna Gora mountains.

folium species were made at 9 sites in the northern Discussion

and southern Rila mountains (Table 3). Most of the

collections were made in the southern part of the Rila The objectives of both expeditions were achieved by
mountains, as few species were noted at several siteshe collection of 50 differentrifolium species (12

in the northern Rila mountains. The only species col-
lected in the Rila mountains that was not previously
reported (Kozuharov, 1976) wadsaureum

Pirin mountains: A total of 17 collections of 16
Trifolium species were made at 7 sites in the Pirin
mountains (Table 3)T. aureumT. diffusumT. glom-
eratum T. haussknechtBoiss., T. leucanthunM.B.,

T. phleoidesandT. squamosurh. were all collected

in the Pirin mountains, though they had not previ-
ously been reported in this floristic region (Kozuharov,
1976). Trifolium haussknechtihad not been reported
previously in BulgariaTrifolium glomeratumT. leu-
canthum T. phleoidesandT. squamosunwere col-
lected at 150-370 m higher elevation than normally
observed (Kozuharov, 1976).

perennial and 38 annual) with one collection still
unidentified. The genetic diversity @t vesiculosum
in the NPGS was increased by the addition of 16
accessions as well as two accessions of the close rel-
ative T. setiferum Four Trifolium species added to
the NPGS from these expeditions wdrancarnatum
var. molinerii (Balb. ex Hornem.) Ser. (2 accessions),
T. setiferum(2 accessions);T. trichopterum(3 ac-
cessions), and. velenovskyMandas (1 accession).
Numerous species that were collected had very few
accessions in the NPGS previously. For example, the
NPGS collection ofT. spadiceunVill. went from 2
to 8 accessions and. strictumwent from 4 to 11
accessions following these expeditions.

Certain collections had plants with traits that were
previously unknown or uncommon for that species.
A T. heldreichianuntollection made alongside a trail
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near Pamporovo in the Rhodope mountains had a rhi- these expeditions, there were only two accessioiis of
zomatous rather than non-rhizomatous root system. spadiceunin the NPGS. Itis very likely that other rare
A T. patensSchreb. collection made near Batak in Trifolium species have similar specific environmental
the Rhodope mountains had multifoliate (4-5 leaflets) niches that have not yet been identified. Identification
rather than trifoliate leaves. Collections ©f patens of the proper microenvironment would increase the
from the Rhodope mountains arid dubiumSibth. probability of collecting these species.
from the Pirin mountains were late maturing in com-
parison to other accessions from the NPGS when
grown in the greenhouse. Acknowledgments
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